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Objectives

Technically sound method of aggregating small
size PV on distribution systems

- Efficient tool for PV impact studies
Optimal control strategies for distributed PV

- Promote and leverage the development of models
and tools
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Distribution Software Tasks

Current Flow and Voltage Drop

Conductor Overload?

Voltage Range?
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Fuse Saving?
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Status of Distribution Software

- Tools with DG-specific functions
— CYMDIST
— OpenDSS

- Others have conventional SG/IG models

- CAPE and ASPEN have current-limited sources
— ASPEN DistriView might not have this

- What happens with “many” PV sources; 1.e.,
strongly looped systems?

- Keep pushing software vendors!

@ UWIG Distributed Wind
Utitity Win
Integration G

s IMpacts Project




UWIG Screening Tool Inputs

Select Project: ‘ Pike County® | + ‘

Project Name ‘Pike County* ‘ [ Calc / Update ]
Turbine (WTG) Inputs:
Turbine Type  Vestas NM82 / 1650 v | OUnlisted Type
Size ‘ ‘ kW
® WTG lerary Generator / Interface
Per-unit Fault Current ‘6.00 ‘
Operating Power Factor ‘ 1.00 ‘
Number of Turbines ‘1 ‘
Average Wind Speed at the Site ‘5.50 ‘ m/s
Feeder Inputs:
Substation Transformer ‘5.00 ‘ MVA
e Estimate Z [7.19 | %z
Feeder Primary Voltage ‘ 12.47 ‘ kV
Line Conductor Type  Unbalanced 336 ACSR v
WTG Distance from Sub ‘29.04 ‘ kft
Peak Load 2.40 | MW
Capacitor Banks ‘0.00 ‘ kVAR
Regulator Distance from Sub ‘0.00 ‘ kft
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FERC Fast-Track Acceptance

UWIG Screening Tool Outputs

(not in all jurisdictions)

- Design is certified (UL 1741)

- Project size £ 2 MW

- Size £ 15% of Segment Load

- Contribute < 10% Utility Fault
Current

-All Utility Devices £ 87.5%

-(capacity factor for info only)

Fault Rating

Voltage Change < 5%

Flicker Planning Levels
(IEEE Std. 1453)
- Continuous, P, < 0.9

- Switching,

6)
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Screening Outputs:

WTG Portion of Peak Load 68.83 %
WTG Fault Contribution 0.35 kA
WTG Portion of System Fault 29.24 %
FERC Fast-track? Study Required due to Load Level, Fault Level
Estimated Capacity Factor 22.5 %
Flicker Outputs:
System Apparent Power 26.08 MVA
System Impedance Angle 73.60 Degrees
On/Off Voltage Change 1.97 %
Continuous P 0.14
Switching Pgr 071
Switching P I 0.50

l Feeder Simulator... ] [ Economic Analysis...

[

Shortcut to a Feeder Simulator Model



Screening Tool Background

Estimated % Voltage Change:
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UWIG Feeder Simulator

Winqgenz

- b T2

Utility Devices e’ A
(not in fault
analysis)

WindGen1
(B2 T1
CB1
C c1 LD1
&= NS
s |\ T/
! L7 GD Segment Loads
cB2 Import/Export
Upload Circuit CUWIG\converterinreca.xmil
Import Multispeak
WindGenl kVA: [1500 —
Save Circuit
Line Codes: |Unbalanced 336 ACSR x| |
Typical Settings: Overcurrent Protection / Voltage Contro Update | , .
Reload Circuit: | Default Circuit ~|| Upda : Imports Multlspeak
Default Circuit '
Case Study 1: TVA Buffalo Mountain — * ShOftCUtS
Case Study 2: PG&E Hunters Point .
_ Case Study 3: llinois REC Pike County - . Sample Files
Step [s :|1 Example 1: East River Cooperative (Flicker) 5 Bminlm .
J| P s] Example 2: IEEE 34-Node Radial Test Feeder [p «  On-line Help
Example 3: Ackermann Page 608
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Feeder Simulator Features

- Voltage fluctuations with variable power output,
capacitor switching, and tap changing

- Faults and overcurrent protection with DG

- Temporary overvoltage during backfeed

- Two connection points for DG

- MultiSpeak Import

- Streamlined Model Creation from the Screener
- OpenDSS Export
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Sample Voltage Fluctuations

Illinois REC - PV at Unity Power Factor: Voltage Profile: Phase Voltaze
Illinois REC - Pike County: Voltage Profile: Phase Voltage L Qo

Localise: Censratarl —— —_— — — —_— ]
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Location Generatarl

1024-

|E|0-:
88~

864~

L B O

C . : T 1 1 T Y 1 1 ' T i : | L 1 . | -:“;”IIME l‘l":“l‘“]” L gzu e e e R e T e L V) O Pe I e e b e i uuuuuuuuuuuuu E«uu-luu-u&.uu;‘u-u“i ||||
) 100 200 300 a00 00 500 700 BOD S T T N N R N [ Y TS N O NN NN N TN TN Y N O Y S Y W Y G IO [N N I O O |
Minutes 0 100 200 300 400 500 800 700 800

PV Profiles at Different Power Factor Show the Potential for Voltage Control
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IEEE Std. 1453 Flicker “Meter”

Simulation of lamp-aye brain response

[ 1
Block 1 Block 2 Block 3 Block 4 Block 5
Input 4B R.:ng‘u-
Transformer [1] — selactor i AD
Demodulator e - 1 1" " ’
with HH ] W &y o5 |0l 5““?_”.”9. order | | — (:Ulwme[_ 64 Levell] Output L1
kscjuaring % v 10 multiplier sliding Sampling] | olassifier] finterfaces
multiplier 2.0 ‘;'_‘I'R'” fflﬂ
Input voltage -6 0.05 — 5.0 ilter =50 Hz
adaptor s [ e 10.0
230V, 35140 0 " z 20.0 Programming of short and long
| |Signal generator S0Hz | ! arvatinn terada
= for calibration v
checbing 120V, 42120 Weighting filt Squaring and Statistical evaluation
— SN e smoothing of flicker level
—
S
R.M.S. — "r
meter Square 1 minute
Loater intearator
1 1 T T £k
Qutput 1 * Output 2° Output3  Output4  Output 5 Qutput and
half cycle r.m.s, weighted range short time  recording data display
voltage indication voltage selection  integration and recording

fluctuation

* Optional for extended measuring applications

u Implement this in software

u Any voltage fluctuation produces a single output

Flicker Severity Compatibility Level Planning - MV Planning — HV & EHV
Level
P, [10-minute] 1.0 0.9 0.8

P, [120-minute] 1.0 0.7 0.6
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UWIG 4-Day Study Process

- Screening Evaluation = Feeder Simulator Model
- Estimate Probability of Substation Export

- Feeder-level Analysis
— Evaluate application vs. IEEE Std. 1547
— Power variation impact on voltage profile and control
— Review regulator and capacitor control settings
— Systematic fault analysis with and without DG
— Temporary overvoltage analysis
— Review and specify relay settings

- Letter Report
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Existing Power Profiles

700 Combustion Turbine Profiles [T k
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3-Hour Wind with Different Numbers of Turbines
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How to Aggregate Multiple DG?

- Distribution tools need time steps down to 1
second for voltage control simulations

. Markov chains?

— Reproduce probability density, but not autocorrelation
— This problem 1s worse at shorter time steps

Real Data

Ll

Power [KW]

From Brokish & Kirtley, “Pitfalls of Modeling

Wind Power Using Markov Chains”, IEEE PSCE 09.  * wo w T n
Also discussed in Y. Wan’s NREL reports. .
£
’ “ Time?ﬁours] ?2 %
@ UWIG DIStnbUted Wlnd Fig. 1. Markov chains at small time steps clearly differ from the original
data
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Other Aggregation Approaches

- All these are suitable for software implementation
— Autoregressive Moving Average (ARMA)
— Wavelets
— Artificial Neural Networks and other Heuristics

- Allow users to choose or upload a single-unit
power profile

- Reduce the standard deviation around the scaled
power profile for multiple units (NREL data for
wind, need some data for PV)
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Wind Turbine Generator Models

- General wind turbine model types (per WECC, IEEE, Cigre)

— Type 1 — conventional induction generator

— Type 2 — wound rotor induction generator, variable rotor resistance
— Type 3 — doubly-fed induction generator

— Type 4 — full converter interface, similar to PV

- We need reasonable average short-circuit contributions to check
overcurrent device coordination on the feeder

Type Type 2 Type 3 Type 4
1 Plant Plant Plant Plant
Feeders Feeders Feeders Feeders

generator generator genemtor #L generator || ?(C) ] fg

» @ O dc ac

L Feon E ~ S —

Slip power de ac full power

as heat loss _} ‘ ’

patial power
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Doubly-Fed Induction Machine

Wind Turbine Generator (WTG )
Main Electrical Equipment

WTG [————————————————
Transformer
| cB1 Stat
—— ator Rot
—@ : I Generator ofor
| Line
| Filter
| Rotor
| Line J— Converter
Converter and
| /l\ Crowbar
|

Figure 2.1 Overview — GE 1.5MW WTG

Isrc =

0.8 pu 1

Without Rotor Crowbar

With Rotor Crowbar, looks like an Induction Machine
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Current-Limited DR

Rectifier Inverter |
@ 2828 @ >
NgV NV /
- N
63 = 1]
I
Source DC Link |
Fast
| Controls
S fault
@f%mm Distributed Wind 8
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WTG Models for Distribution

IEEE Std. 1547

Turbine Type Power Flow Short Circuit

1 — Squirrel Cage Constant Q or PF | Locked Rotor
Include Capacitor |(about 6 * Rated

2 — Wound Rotor Switching Steps Current)

Xdp~=0.17

3 — Doubly Fed Constant Q or PF | Limited by
Inherently No Cap | Converter

4 — Power Electronic | Not a PV bus per | Xdp = 0.50-0.90
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What 1s Needed for PV?

- Aggregate models of variability
Fast-average models of dynamic response to faults
- A common format for vendor-supplied models

Software tools that:
— Simulate variability

— Simulate fault contributions from many PV units
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Backup — WTG Types 1 and 2

- Power flow, imnput scheduled P and Q
— G1ven voltages, solve for speed, current, machine Q
— Add capacitor steps to approximate scheduled Q

- Short circuit

B Iqs’ Ids’ Iqrﬂ

— Use “fast average” model for currents

_ V. —a LT, oL, (T +1,)

pl . s_rslqs ri—=s'ds
as

L

S

1, already 1nitialized
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Backup — WTG Types 3 and 4

- Inputs
— Scheduled P and Q
— Limits on Ip and Iq

— Time delay to reset
- Normal power flow solution for a PQ source
- Short-circuit solution

— Assume a low equivalent impedance

— Apply separate limits on [, and I, inject the total
- Later, fast-average model for rotor crowbar
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Conclusions

. More DR models in commercial software

- Modeling options in commercial software
— Behavioral (equation-based) 1s easier for users

— Standard languages are easier for users

- Vendor-supplied DR models
— Protecting proprietary information
— In portable formats

— Semiconductor, automotive, and other industries
already do this
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